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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS 

RESEARCH MMORANDUM 

AN INVESTIGATION OF THE EFFECTS OF A GEOMETRIC TWIST ON THE 
AERODYNAMIC LOADING CHARACTERISTICS OF A 45° SWEPTBACK 
WING-BODY CONFIGURATION AT TRANSONIC SPEEDS 
By Claiide V. Williams 

SUMMARY 


An investigation was made in the Langley 8 -foot transonic tunnel of 
the pressure distribution on a wing-body configuration having a twisted 
45 ° sweptback wing with aspect ratio 4, taper ratio 0.6, and NACA 65 AOO 6 
airfoil sections parallel to the plane of symmetry. The body had a ciorved 
forebody profile and an afterbody which was cylindrical from the region 
of the leading edge of the wing -body jimctirre rearward to the base . Data 
were obtained at Mach numbers of 0 . 60 to 1.15. The test Reynolds number 

varied from I .7 x 10® to 2.1 x 10 . In order to indicate the effect of a 
wing twist on the loading and associated characteristics, the results of 
this investigation are compared with similar data previously obtained for 
a plane or \mtwisted 45° sweptback wing in combination with the same body. 

The comparison indicated that the twisted-wing configuration must be 
at higher angles of attack than the plane -wing configuration for the same 
normal-force coefficient. This Increased angle of attack caused the body 
of the twisted-wing configuration to carry a larger percentage of the 
total load than the body of the plane -wing configuration. Also, as a 
result of the increased angle of attack, the loads over the inboard sec- 
tions of the twisted wing were increased, and the loads over the outboard 
sections were decreased, relative to the loading on the plane wing. The 
center of pressvtre of the twisted wing moved forward and inboard of the 
location for the plane wing without significantly altering the wing tor- 
sional characteristics . As might be expected, the wing bending -moment 
coefficients for the twisted wing were less than those for the plane wing. 
The twisted wing had more positive pitching-moment coefficients than the 
plane wing, but wing twist appeared to have little effect on the longi- 
tudinal stability characteristics of the wing -body combination. 
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INTRODUCTION 


The evaluation of changes in spanwise loading which result from 
twisting due to aeroelastic bending is one of the structxiral design con- 
siderations resulting from the current use of thin sweptback wings on 
transonic -airplane configurations . In general, the changes in loading 
must be determined by experimental investigations, since regions of sep- 
arated and mixed flows over the wings at transonic speeds seriously hamper 
accurate theoretical calculation of the necessary loading parameters . 

Such an investigation has been conducted to obtain the pressure distri- 
bution for a geometrically twisted, thin, 45° sweptback wing in the 
Langley 8-foot transonic tunnel. The twist of this wing is considered 
to be a typical variation and does not represent the twist of any partic- 
\ilar type of wing structural system. The model was tested at Mach num- 
bers of 0.60 to 1.15 an<i at angles of attack of 0° to 20°. The Reynolds 
number of the investigation varied from approximately I .7 x 10 ^ 
to 2.1 X 10^ based on the wing mean aerodynamic chord. 

The results of a previous load investigation of an untwisted or plane 
wing of similar plan form in combination with the same body have been 
reported in reference 1. These untwisted or plane -wing data and the 
twisted-wing data of the present investigation are compared in order to 
indicate the effects of a wing twist on the loading and pitching-moment 
characteristics of the wing -body combination. A very brief comparison 
of these configvtrations has previously been presented in reference 2 . 
Several load investigations of the plane wing mounted on a body different 
from that of the present investigation have been conducted, and the results 
of these tests are presented in references 3^ suad 5 . The data of ref- 
erence 1 evaluate the wing-body interference effect of these two different 
body shapes . 


SYMBOLS 


a chordwise distance from wing 0 . 25 -chord line to wing chordwise 

center of pressure 

b wing span 

bg /2 wing semispan outboard of wing -body jxoncture 

c local chord measured parallel to body center line 

c ' wing mean aerodynamic chord 
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D 

L 

M 

P 

P 

Po 

R 

S 

V 


Xy 


y 

ye 

0 

A 

P 


wing average chord, s/b 

body diameter at any longit\idinal station 

body length 

Mach number 

p - p 

pressure coefficient, 2. 

<30 

local static pressure 
stream static pressure 

stream dynamic pressure, pV^^2 

body radius at any station 

wing area (includes area blanketed by body) 

stream velocity 

distance measured from body nose along body center line 
(positive rearward) 

distance measured from wing leading edge along any chord line 
(positive rearward) 

spanwise distance measured from body center line 
spanwise distance measured from wing-body juncture line 

angle of attack of body center line of plane wing-body 
conf igur at ion 

angle of attack of body center line of twisted wing-body 
configuration 

wing twist angle measured between local chord line and body 
center line (angles below body center line negative) 

sweep angle of wing 0.25 -chord line 

stream density 
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Wing Coefficients 






'mc/U 


'mcV 4 


■'Nw 


-ny 


Cfji 




W 


wing bending -moment coefficient about wing-body juncture line, 

^b/2 Cn..C 


V r-^(,-w)dy 

b^b - dfliaxj ^Wix 


wing pitching-moment coefficient about 0 .25-mean-aerodynamic- 
pb/2 2 

chord line, £_ dy 


max 


wing section pitching -moment coefficient about 0.25-chord line, 

wing section pitching -moment coefficient about 0. 25-mean- 
aerodynamic -chord line, 

where - y^c/kj chordwise distance from 0.25-mean- 

aerodynamic-chord line to 0.25-local-chord line (x positive 
reeirward) 


wing normal-force coefficient (perpendicular to body center 

=ny 


2 r^/2 cii c 

line; c„„ uncorrected for twist angle 0 ), — / — ^ dy 

D p C 

•%ax 


wing section normal -force coefficient (normal to local chord 
lldes), (l 




wing twisting-moment coefficient about 0 .25-chord line , 


-cos A — 


wing chordwise center of pressure, 0.25 - 


Sf 


l£P 


spanwise center of pressiore in terms of semispan of wing 
outboard of body, 
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Body Coefficients 

body pitching -moment coefficient about 0 - 25 -mean-aerodynamlc- 
chord line and based on wing area S, 

An r ^ D 

^■Jo -=‘b)*=B. where - xb) is 

distance from intersection of 0.25 wing mean aerodynamic 
chord and body center line to any transverse section 

body normal-force coefficient based on wing area S, 



body transverse-section normal-force coefficient. 



Cm 

% 


^cp 
c 


Wing-Body Coefficients 

total pitching -moment coefficient, Cu^ + C^i^ 
total normal-force coefficient, Cj^^ + Cj^^ 

Cm 


— p- longitMinal center of pressure, 0.25 - 


"N 


Subscripts : 

L lower surface 

max maximum 

U upper surface 


APPARATUS AND METHODS 
Tunnel 


The investigation was conducted in the Langley 8-foot transonic tunnel 
This facility has a dodecagonal slotted test section in which the Mach 
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number can be continuously varied through the speed range up to a Mach 
number of approximately l.l4. Detailed discussions of the design and 
calibration of this tiannel are given in references 6 and 7, respectively. 


Model 

Dimensional details of the sting -mounted model are shown in figure 1. 
Photographs of the model installed in the tunnel are shown in figure 2. 

The steel body had the same dimensions as that of body D of the force 
investigation reported in reference 8. The force data for the body alone 
are included in reference 8. Pressure measurements on the body alone are 
presented in reference 9. Ordinates of the body nose are presented in 
table I. The afterbody of the model was cylindrical rearward from the 
20-lnch station (fig. 1). 

The steel wing of the model had 45° sweepback of the 0.25-chord line, 
aspect ratio 4, taper ratio 0.6, and NACA 65AOO6 airfoil sections parallel 
to the vertical plane of symmetry. The wing sections were twisted about 
the wing 0.25-chord line in planes parallel to the vertical p la ne of sym- 
metry to produce the spanwise twist variation shown in figvire 5. The wing 
had the same plan form and airfoil section and was mounted in the midwing 
position at the same longitudinal location on the body as the wing of 
reference 1. Both wings had 0° dihedral and plan-form areas of 1 sqviare 
foot . The body covered 16 .9 percent of the wing area . 

Throughout this report, the untwisted wing used in the investigation 
of reference 1 is referred to as the plane wing, whereas the wing of the 
present investigation is identified as the twisted wing. 


Model Instrumentation 

Static pressures were measured at I56 body orifices and II5 wing 
orifices located as shown in figvires 4 and 5. 

The angle of attack was obtained from an electrical Indicator located 
in the movable portion of the tunnel sting-support system rearward of the 
model and was corrected by means of calibration of the sting deflection 
between the model and the measuring \mit . 


Tests and Accuracy 

The model was tested at stream Mach numbers of O.60, O.80, O.85, 
0.90, 0.95^ 0*98> 1.00, 1.05, 1.08, 1.10, and I.13. The maximum random 
error in measiuing stream Mach nmber is believed to be about 0 .003 • 

Mach number deviations in the region of the model generally increase with 
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Mach number but ordinarily do not exceed approximately O.OO6 at stream 
Mach numbers up to I.13 (ref. 7). The model was subject to the effects 
of wall -reflected shock disturbances at Mach numbers greater than 1.0. 
It is believed that these effects were small, and no corrections for 
these shock reflections have been applied to the data. 

The repeatability of measurement of the pressvire coefficients is 
believed to be ±0.006. At each Mach number, the model was tested at 
nominal angles of attack of 0°, 4°, 8P, 12°, and 20°. A consideration 
of the factors involved indicates that the accuracy of the corrected 
angle -of -attack measurements presented was approximately ±0.1°. The 
Reynolds^number during the investigation varied from approximately 
1.7 X 10 to 2.1 X lOo when based on the wing mean eierodynamic chord of 
6.125 inches. 


RESULTS AND DISCIBSION 
Basic Pressure Measurements 


General comme nts . - The basic wing and body pressure-coefficient dis- 
tributions are presented in figures 6 and 7, respectively. In these fig- 
ures, the data are arranged on facing pages at constant Mach numbers. 

In figure 6, the wing pressure-coefficient distributions are presented 
^OT five spanwise stations at nominal singles of attack of 0®, 4° 8^ 12° 
and 20°. Corrected angle-of-attack values aore given for each condition. 
Comparisons of the data for the two wing configurations have been made 
at Mach numbers of O.60, 0.95, 1-00 and I.13 in figures 6(a), 6(e), 6(g), 
and 6(k), respectively. In these figirres, plain symbols signify data for 
the twisted wing and flagged symbols data for the plane wing . In an effort 
to avoid confusion, the plane -wing-configuration data are unfaired. 


The basic pressure-coefficient distributions for the six meridians 
around the body are presented in figure 7 at nominal angles of attack 
of 0 , 4°, 8P, 12°, and 20°. Comparisons of the two configurations at 
Mach numbers of O.60, 0.95, 1.00, and 1.13 are made in figures 7(a), 7(e) 
7(g), and 7(k), respectively. In these figures, the faired curves indi- 
cate data for the twisted wing, and the circles indicate data for the 
plane-wing configuration. 

Wing section characteristics .- The variations with angle of attack 
of the ^ng-section pressure-coefficient distributions are presented in 
figvtre 6. As would be expected, these data indicate that the flow at low 
angles of attack was essentially unseparated; hence, the pressure- 
coefficient distributions for the wing sections were primarily governed 
by the local angles of attack. This is shown throughout the Mach number 
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range by the data presented for angles of attack of 0° and 4°, and at 
subsonic speeds by the data at an angle of attack of 8P. These data 
indicate that the pres sure -coefficient distributions for the twisted and 
plane wings were essentially the same over the inboard wing sections where 
the local angles of attack were similar. Over the outboard regions of 
the wing, however, \diere the local angles of attack of the twisted wing 
were lower than those of the plane wing, considerable differences in the 
pressure-coefficient distributions existed, primarily at the leading-edge 
regions of the wings . 

At an angle of attack of 8P at Mach numbers of 0*95 and 1*00 
(figs. 6(e) and 6(g)), the negative pressure-coefficient distributions 
over the outboard trailing-edge regions of the upper surface of the 
twisted wing indicate that the flow was essentially unseparated, in con- 
trast to considerable separation noted for the similar region of the 
plane wing. These pressvire-distribution characteristics indicating sep- 
aration on the plane wing resulted from a shock wave which formed at the 
trailing edge of the wing-body juncture and extended laterally across 
the span. Because of the lower section angle of attack of the twisted 
wing, and hence lower induced flow, the shock was somewhat weaker on the 
twisted wing than on the plane wing and, therefore, caused less shock- 
induced separation to occ\ar on the twisted wing, resulting in the rela- 
tively smaller lift loads shown at the trailing edge of the twisted wing. 

At subsonic speeds at an angle of attack of 12°, the flow over the 
upper sxirfaces of both wings consisted primarily of a vortex which orig- 
inated at the leading edge of the wing-body junctiire and extended outward 
and rearward across the span. This vortex is common to thin sweptback 
wings . Considerable flow separation associated with the voirtex existed 
over the upper surface of most of the span of both wings as evidenced by 
the flat upper-svirface pressure-coefficient distributions. The pressure- 
coefficient distributions indicate, however, that the separation over the 
twisted wing was somewhat less severe than that which existed over the 
plane wing. At the higher test Mach numbers, the effect of this vortex 
was gradually reduced because of the more efficient turning of the flow 
in the supersonic region at the leading edge of the wing. 

At an angle of attack of 20°, severe separation occurred over the 
upper surface of both wings, and this phenomenon completely obliterated 
any effect of geometric twist. Therefore, the pressure-coefficient dis- 
tributions for both wings were essentially the same at an angle of attack 
of 20° throughout the Mach number range investigated. 

Body characteristics .- In general, the basic pressure measurements 
for the body of the twisted wing-body configuration, presented in figure "J , 
show the usual pressure-coefficient peaks associated with the influence 
of the flow field of the wing on the body pressures. Thrbighout the Mach 
number range an increase in angle of attack caused the peaks to increase 
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and also to spread longitudinally along the body. As would be expected, 
the pressure-coefficient peeiks were greatest for the meridians neeirest 
the wing and decreased in level around the body. 

The comparisons at nearly constant angles of attack of the press\are- 
coefficient distributions over the bodies of the two configurations indi- 
cate that the body pressure coefficients in the region of the twisted 
wing-body junctinre were always slightly less negative over the upper body 
meridians and slightly less positive over the lower body meridians than 
in the similar region of the plane wing -body configuration. The pressure 
coefficients over the extremities of the body of both configxirations were 
identical. 


Loading Characteristics 

General comments .- In table II is presented a compilation of the 
section normal-force and pitching -moment coefficients (taken about the 
25-percent -local -chord location) for the twisted wing at a1 1 the Mach 
n-umbers and angles of attack presented in this paper. The same informa- 
tion for the plane wing is presented in table III. These data have been 
included in this paper as an aid for correlating and checking of various 
load-distribution computational methods . 

The loading data presented in this paper were obtained by conventional 
graphical -mechanical integration procedures. In the analysis figures, 
the data are compared at several total wing -body normal-force coefficients, 
with the values of the various parameters presented having been obtained 
from cross plots . 

Wing spanwise load distributions .- The effect of a geometric wing twis 1 

c c 

on the spanwise variation of the section normal-loading coefficient 

c 

at total normal-force coefficients of 0, 0.2, 0 . 4 , 0.6, and 0.8 are pre- 
sented in figure 8 for all Mach numbers of the investigation. Also 
included in this figure are accessory plots of against Cu and a 

against Cij. Throughout the test Mach number range, the variations of 

angle of attack with normal -force coefficient indicate that in the approxi- 
mately linear normal-force -coefficient range the twisted-wing configiara- 
tion must be at a higher angle of attack (referred to the body center 
line) than the plane-wing configuration in order to obtain a given total 
normal -force coefficient. At this condition the local angles of attack 
of the inboard sections of the twisted wing were higher and the local 
angles of attack of the outboard sections lower than the corresponding 
sections of the plane wing. In general, these wing-section angle-of- 
attack differences resulted in the loads over the inboard sections of the 
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twisted wing being higher and in the loads over the outboard sections 
being lower than the loads over the plane wing at all total normal-force 
coefficients through 0 .6 . 

The largest differences in value of the section normal-loading coef- 

CnyC 

ficient — £— for the two wings occurred over the outboard regions of 
c 

the wings at a normal-force coefficient of 0 .6 in the Mach number range 
from 0 .6o to 0.95 (figs. 8(a) to 8(e)). These differences in value 
resulted from varying degrees of separation associated with the difference 
in angle of attack of the configurations . At a normal -force coefficient 
of 0 .6 the inboard sections of the twisted wing were operating in the 
angle -of -attack range where the vortex-type flow occurred. This vortex 
caused the flow over the outboard sections of the twisted wing to sep- 
arate to a greater degree than that over the outboard sections of the 
plane wing. This greater separation occurred even tho\igh the section 
angles of attack for the outboard portions of the twisted wing were approxi- 
mately the same or less than the corresponding sections of the plane wing. 

At a normal-force coefficient of 0.8 at subsonic Mach numbers the 
spanwise distributions of loading indicate that the flow over the wings 
was severely separated over the outboard regions . This separation is 
associated with the leading-edge vortex -type flow mentioned previously. 
Increase in Mach number at this normal-force coefficient caused the 
loadings over the tips to increase because of a reduction in the strength 
of the separation. 

The plots of wing normal-force coefficient against total normal- 
force coefficient included in figure 8 show that throiighout the Mach num- 
ber range the variations were essentially the same, and the curves essen- 
tially differed only in value . 

Wing bending characteristics .- The data in figure 9 show the location 
of the lateral centers of pressiire for the twisted and plane wings, expres- 
sed in terms of the semispan of the wings outboard of the body. These 
data-, compeired at constant total normal -force coefficients , indicate that 
the center of pressure of the twisted wing was always inboard of that of 
the plane wing which resulted in beneficial reductions in the wing bending- 
moment coefficients for the twisted wing (fig. 10). 

A comparison of the variations with normal- force coefficient of the 
wing bending-moment coefficients for the twisted and plane wings is pre- 
sented in figure 11. These data Indicate that throughout the Mach mam- 
ber range an increase in normal-force coefficient, in general, resulted 
in an increase in bending-moment coefficient. This condition occurred 
even though the lateral center of pressure at high normal-force coeffi- 
cients moved inboard from the location at somewhat lower normal -force 
coefficients (fig. 9) • 
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Wing twisting -moment characteristics .- The cizrves of figiore 12 show 
that wing twist had little effect on the torsional or twisting moments 
about the 0.25-percent-chord line of the wing. This small effect occurred 
because the center of pressure for the twisted wing was always inboard 
and ahead of that for the plane wing (figs. 9 and 13) \diich, in effect, 
caused the center of pressvire to move approximately parallel to the wing 
0 .25-percent -chord line. 

Percent total load carried by body .- The data presented in figure l4 
show that at a constant normal -force coefficient the body of the twisted- 
wing configuration carried more of the total load than the body of the 
plane -wing configuration throughout the Mach number range . For example, 
at Cjj = 0.4 and M = 1.00, the load was I7 percent of the total load 
for twisted wing and I5 percent of the total load for plane wing. The 
larger percentage of load carried by the body for the twisted-wing con- 
figuration may be attributed to the fact that at a constant total normal- 
force coefficient the body and inboard wing sections operated at a higher 
angle of attack than the plane wing -body configuration, hence, had some- 
what higher induced loads . 


Pitching -Moment Characteristics 

Variations with normal-force coefficient .- A comparison of the vari- 
ations with normal-force coefficient of the pitching -moment coefficients 
for the bodies, the wings, and the wing -body configurations is presented 
in figure 15 for Mach numbers of O.60, O.95, 1.00, and I.13. These curves 
Indicate that at all Mach numbers the twisted wing had more positive values 
of pitching-moment coefficient than did the plane wing. Little effect of 
twist was noted on the variations with normal-force coefficient. 

The more positive total pitching-moment coefficients for the twisted 
wing-body configviration resulted from the addition of the twist effects 
on both the body and the wings . The more positive values for the body 
occ\jrred because the twisted-wing configiiration operated at a higher angle 
of attack than the plane wing-body configiiration for the same total normal- 
force coefficient. The ciirves of figure 7 show that one of the effects 
of increasing the angle of attack was to cause peaks in the pressure- 
coefficient curves in the region of the wing -body junctvire. These pres- 
sure peaks increased the loading over the forward portions of the body, 
ahead of the 0 .25-mean -aerodynamic -chord location (approximately 68 per- 
cent of the body length) , which resulted in a positive increase in the 
value of the pitching moment for the body with an increase in angle of 
attack . 

The more positive values of pitching -moment coefficient for the 
twisted wing resulted from the fact that the load over the twisted 

wing was inboard of the load for the plane wing at a constant normal-force 
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coefficient, which generally on a sweptback wing results in more positive 
pitching moments about the same 0 . 25 -mean-aerodynamic-chord location . 

Variations with Mach number .- In figure l 6 is presented a comparison 
of the variation with Mach number of the pitching-moment coefficients for 
the bodies, the wings, and the wing-body configurations at constant total 
normal-force coefficients . These data indicate that the twisted wing had 
essentially the same variations of pitching moment with Mach nvunber as 
the plane wing. 

Longitudinal center of pressure .- A comparison of the longitudinal 
center-of-pressure variations with Mach number for the twisted and plane 
wing-body configurations is presented in figure I 7 . These data indicate 
that throughout the Mach number range the center -of -pressiire location of 
the twisted- wing configuration was always ahead of that for the plane - 
wing configuration by an amount varying from approximately I 5 percent of 
the mean aerodynamic chord at a normal -force coefficient of 0.2 to 2 to 
5 percent at a normal-force coefficient of 0.8. 


CONCLUSIONS 


The resiilts of an investigation of a twisted sweptback wing have 
been compared with those obtained from tests of a similar untwisted wing 
and the following concliisions are made: 

1. At constant normal-force coefficients through 0.6, the loads over 
the inboeird sections of the twisted wing were higher and over the outboard 
sections lower than the loads over the corresponding regions of the plane 
wing. At a normal-force coefficient of 0.8 at subsonic speeds, severe 
separation occurred over the outboard regions of both wings . Increase 

in Mach number reduced the separation and therefore increased the loadings 
over the tips of both wings . 

2. Throughout the speed range, the bending -moment coefficients at 
constant normal-force coefficients for the twisted wing were less than 
those for the plane wing. Increase in normal-force coefficient in general 
resulted in increased wing -bending -moment coefficients for both wings 
throughout the Mach number range of this test . This occurred even thovigh 
the lateral center of pressure moved outboard and then inboard with 
increase in normal-force coefficient . 

5 . The center of pressure of the twisted wing was forward and inboard 
of that for the plane wing at constant normal -force coefficients . This 
change in location of the center of pressure did not affect the overall 
torsional characteristics about the 25 -percent -chord line but had a decided 
influence in decreasing the wing bending-moment coefficient of the twisted 
wing . 
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4 . At low angles of attack the flow over both wings was primarily 
governed by the local wing angles of attack. At 20° angle of attack, 
severe separation over the upper surfaces of the wings obliterated any 
effects of geometric twist. 

5 . The twisted wing heid somewhat lower pressure-coefficient peaks 
over the body in the region of the wing-body junctxire . The pressures 
measured over the extremities of the body of both configurations were 
identical . 

6. The twisted wing -body configuration had more positive values of 
pitching -moment coefficient than did the plane— wing— body configuration, 
elthough the variation with normal-force coefficient and Mach number for 
both configurations was essentially the same . 

7 . At a constant normal— force coefficient, the body of the twisted- 
wing configuration carried a greater percentage of the total load than 
did the body of the plane -wing configuration. 


Langley Aeronautical Laboratory, 

National Advisory Committee for Aeronautics, 
Langley Field, Va., Augiist 3, 1954. 


CONFIDENTIAL 



14 CONFIDENTIAL NACA RM L54H18 


REIFERENCES 


1. Loving, Donald L.; The Effect of a Change in Body Shape on the Loading 

of a 45 ° Swepthack Wing-Body Combination at Transonic Speeds. NACA 
RM L54B09, 1954 . 

2. Williams, Claude V., and Kiohn, Richard E.: A Study of Aerodynamic 

Loads on Swepthack Wings at Transonic Speeds. NACA RM L53E08b, 1955 • 

5 . Loving, Donald L., and Estabrooks, Bruce B.; Transonic -Wing Investi- 
gation in the Langley 8 -Foot High-Speed Tunnel at High Subsonic 
Mach Nmbers and at a Mach Number of 1.2. Analysis of Pressure 
Distribution of Wing-Fuselage Configuration Having a Wing of 
45 ° Sweepback, Aspect Ratio 4, Taper Ratio 0.6, and NACA 65 AOO 6 
Airfoil Section. NACA RM L 5 IFO 7 , 1951- 

4. Loving, Donald L., and Williams, Claude V.: Basic Pressiure Measure- 

ments on a Fuselage and a 45° Sweptback Wing-Fuselage Combination 
at Transonic Speeds in the Slotted Test Section of the Langley 
8 -Foot High-Speed Tunnel. NACA RM L51F05^ 1951* 

5 . Loving, Donald L., and Williams, Claude V.: Aerodynamic Loading 

Characteristics of a Wing-Fuselage Combination Having a Wing of 
45 ° Sweepback Measured in the Langley 8-Foot Transonic Tunnel. 

NACA RM L52B27, 1952. 

6 . Wright, Ray H., and Ritchie, Virgil S.; Characteristics of a Tran- 

sonic Test Section With Various Slot Shapes in the Langley 8-Foot 
High-Speed Tunnel. NACA RM L 5 IHIO, 1951. 

7 . Ritchie, Virgil S., and Pearson, Alb in 0.: Calibration of the Slotted 

Test Section of the Langley 8 -Foot Transonic Tunnel and Preliminary 
Experimental Investigation of Boundary-Reflected Disturbances. 

NACA RM L 5 IKI 4 , 1952 . 

8 . Loving, Donald L., and Wornom, Dewey E.: Transonic Wind-Tunnel 

Investigation of the Interference Between a 45° Sweptback Wing and 
a Systematic Series of Four Bodies. NACA RM L52J01, 1952. 

9 . Robinson, Harold L.: Pressures and Associated Aerodynamic and Load 

Characteristics for Two Bodies of Revolution at Transonic Speeds. 

NACA RM L53L28a, 1954. 


CONFIDENTIAL 



NACA EM L 54 H 18 


CONFIDENTIAL 


15 


TABLE I 

OEDINATES OF BODY NOSE 


Xg, in. 

R, in. 

0 

0 

.200 

.092 

• 300 

.119 

.500 

.171 

1.000 

.289 

2.000 

.482 

5.000 

.645 

4.000 

.788 

6.000 

1.037 

8.000 

1.236 

10.000 

1.386 

12.000 

1.496 

14.000 

1-573 

16.000 

1.625 

18.000 

1.657 

20.000 

1.667 

L.E. radius: O.OOO5 
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TABLE II 

SECTION COEFFICIENTS FOR WISTED WING 


M 

deg 

II 

0.20 

II 


0 


0 


II 

0.95 


S:/4 


m 

m 





Va 

0.60 

0 

-0.055 

-0.007 

-0.087 






-0.105 

-0.011 


5.9 

.192 

-.005 

.159 


.128 


.071 


.051 

.005 


7.9 

.449 

-.001 

.427 

-.012 

-577 


.274 


.172 

.014 


11-9 

.705 

-.001 

.805 

-.055 

.484 

-.014 

.588 

-055 

♦597 

-.055 


20.0 

1.502 

-.125 

1.099 

-.174 

.765 

-.105 

.475 

-.044 

.505 

-.026 

.80 

-.1 

-.060 

.007 

-.105 


-.157 


-.165 

-.004 

-.112 

-.014 


i^.0 

.209 

-.007 

.179 

0 

.154 

0 

.092 

.006 


.006 


7-9 

.487 

-.019 

.445 

-.015 

.401 


.501 

.006 


.009 


11.9 

.762 

-.019 

.871 

-.055 

.614 

-.077 

.596 

-.054 


-.019 


20.0 

1.161 

-.186 

.97U 

-.152 

.714 

-.097 

.508 

-.055 

.509 

-.025 

.85 

-.1 

-.061 

.007 

-.108 


-.144 


-.171 

-.006 

-.112 

-.015 


5.9 

.210 

-.009 

.188 

0 

.161 


.094 

.007 

.056 

.008 


7.9 

.505 

-.026 

.478 


.417 


.512 

.004 

.196 

.005 


11.9 

.781 

-.055 

.905 

-.078 

.716 

-.097 

.412 

-.055 

♦152 

-.005 


20.0 

1.159 

-.194 

.970 

-.157 

.738 

-.099 

.524 

-.052 

.501 

-.018 

.90 

-.1 

-.058 

.009 

-.116 


-.148 


-.179 

-.008 

-.124 

-.019 


5.9 

.225 

-,028 

.202 


.165 


.105 

.009 

.065 

.008 


7.9 

.525 

-.047 

.519 


.477 


.590 

.058 

.281 

.021 


11.9 

.805 

-.071 

.930 

-.098 

.757 

-.086 

.418 

-.055 

.155 

0 


20.0 

1.204 

-.186 

.992 

-.166 

.767 

-.112 

.548 

-.057 

.514 

-.018 

.95 

-.1 

-.065 

.015 

-.122 

.015 

-.166 


-.198 

-.015 

-.159 

-.026 


h.O 

.256 

-.025 

.226 

-.012 

.187 


.125 

.015 

.065 

.010 


7.9 

.518 

-.057 

.536 

-.050 

.545 

-.015 

.464 

.052 

.515 

.028 


11.9 


-.091 

•925 

-.125 

.726 


.471 

-.029 

.551 

-.016 


20.0 

1.255 

-.172 

1.081 

-.188 

.841 

-.128 

.611 

-.067 

.559 

-.011 

.98 

-.1 

-.056 

.015 

-.115 

.015 

-.172 

.011 

-.212 

-.004 

-.151 

-.052 


5.9 

.221 

-.020 

.210 

-.016 

.190 

-.015 

.141 

.001 

,076 

.015 


7.9 

.496 

1 -.058 

.536 

-.052 

.528 

-.029 

.505 

-.005 

.559 

.025 


11.6 

.757 

-.092 

.894 

-,151 

.786 

-.041 

.678 

-.025 

.498 

-.029 


20.1 

1.254 

-.150 

1.219 

-.207 

.925 

-.154 

.708 

-.090 

.415 

-.025 

1.00 

-.1 

-.057 

.012 

-.099 

.011 

-.169 

.015 

-.225 

.008 

-.161 

-.028 


4.0 

.216 

-.021 

.205 

-.016 

.185 

-.014 

.155 

-.010 

.068 

.011 


7-9 

.494 

-.058 

i .518 

-.055 

.525 

-.050 

.501 

-.012 

.580 

.015 


11.6 

.727 

-.086 

! .858 

-.116 

.779 

-.044 

.770 

-.057 

-577 

-.029 


20.1 

1-265 

-.187 

: 1.556 

-.242 


-.170 

.714 

-.100 

.445 

-.057 

1.05 

-.1 

-.050 

.012 

-.096 

.015 

-.151 

.009 

-.217 

.011 

-.155 

-.025 


5.9 

.216 

-.020 

.208 

-.015. 

.188 

-.018 

.152 

-.015 

.077 

.010 


7.9 

.492 

-.058 

.515 

-.055 

.528 

-.054 

.501 

-.015 

.586 

-.005 


11.5 

.717 

-.085 

.814 

-.114 

.762 

-.046 

.754 

-.059 

.568 

-.028 


20.1 

1.225 

-.185 

1.401 

-.285 

1.116 

-.192 

.768 

-.118 

.476 

-.059 

i.o8 

-.1 

-.056 

.019 

-.105 

.015 

-.165 

.015 

-.251 

.014 

-.172 

-.016 


5.9 

.217 

-.021 

.201 

-.012 

.178 

-.016 

.127 

-.011 

.075 

.006 


7.9 

.467 

-.056 

.477 

-.051 

.501 

-.055 

.487 

-.050 

.579 

-.011 


11.5 

.689 

-.089 

.752 

-.101 

.759 

-.065 

.776 

-.091 

.554 

-.054 


20.0 

1.196 

-.185 

1.570 


1.128 

-.1^ 

.761 

j 

-.111 

.442 

-.058 

1.10 

-.1 

-.019 

.015 

-.081 

.014 

-.142 

.015 

-.225 

.022 

-.171 

-.006 


5.9 

.220 

-.019 

.200 

-.011 

.188 

-.016 

.149 

-.021 

.090 

-.002 


7.9 

.452 

-.052 

.470 

-.056 

.498 

-.058 

.487 

-.056 

.595 

-.022 


11.5 

.667 

-.085 

.669 


.785 

-.086 

.769 

-.099 

♦558 

-.052 


20.0 

1.181 

..177 

1.512 

-.257 

1.106 

-.187 

.748 

-.112 

.459 

-.061 

1.15 

-.1 

-.041 

.008 

-.081 


-.126 

.005 

-.207 

-.017 

-.161 

-.006 


5.9 

.218 

-.025 

.194 

-.017 

.175 

-.020 

.126 

-.019 

.096 

-.009 


7.9 

.449 

-.052 

.466 

-.056 

.486 

-.058 

.481 

-.052 

.594 

-.055 


11.5 

.646 

-.086 

.680 


.771 

-.095 

.746 

-.106 

.545 

-.042 


20.0 

1.127 

-.174 

1.297 

-.267 

1.072 

-.175 

.792 

-.120 

.455 

-.061 
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TABLE III 

SECTION COEFFICIENTS FOR PLANE WING 


M 

Op, 

deg 


0.20 

y ^ 

b/2 ' 

0.40 

y . 
b/2 ' 

= 0.60 

n 

m 

y . 

b/2 

= 0.95 

^“w 

‘^“c/4 


""“0/4 

°“W 

‘^c/4 

‘'“w 

‘'“c/4 

jjj^y 

‘'“c/4 

0.60 

4.0 

0.259 

-0.012 

0.256 

-0.005 

0.252 

0.001 

0.225 

0.007 

9^ 

0.004 


8.0 

.558 

-.015 

.553 

0 

.570 

-.024 

.450 

-.011 

.516 

-.007 


12.0 

.807 

-.008 

.986 

-.052 

.854 

-.154 

.459 

-.056 

.242 

-.021 


20.0 

1.257 

-.199 

1.088 

-.173 

.785 

-.114 

,.554 

-.069 

.390 

-.049 

• 95 

4.0 

.296 

-.042 

.540 

-.025 

.349 

-.001 

.516 

.055 

.217 

.051 


8.0 

.592 

-.078 

.661 

-.045 

.692 

-.021 

.727 

-.056 

.457 

-.059 


12.0 

.866 

-.104 

1.059 

-.152 

.796 

-.106 

.511 

-.049 

.256 

-.008 


20.0 

1.276 

-.197 

1.152 

-.202 

.892 

-.147 

.701 

-.095 

.451 

-.057 

1.00 

4.0 

.268 

-.057 

.305 

-.028 

.541 

-.022 

.359 

-.005 

.257 

.026 


8.0 

• 545 

-.075 

.620 

-.045 

.667 

-.042 

.761 

-.073 

.621 

-.065 


12.0 

.808 

-.105 

1.014 

-.154 

.885 

-.099 

.849 

-.098 

.451 

-.028 


20.0 

1.500 

-.177 

1.586 

-.251 

1.025 

-.182 

.772 

-.122 

.514 

-.050 

1.15 

4.0 

.258 

-.059 

.292 

-.026 

.520 

-.027 

.528 

-.020 

.252 



8.0 

.497 

-.067 

.565 

-.047 

.628 

-.064 

.685 

-.093 

.501 

-.052 


12.0 

.712 

-.099 

.805 

-.090 

.894 

-.128 

.812 

-.099 

.595 

-.052 


20.0 

1,218 

-.181 

1.352 

-.277 

1.088 

-.190 

.808 

-.131 

.521 

-.071 
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L-79100 



l-79101 

Figxire 2.- Views of the model installed in the Langley 8-foot transonic 

timnel. 
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Longitudinal location of body pressure orifices, 

1j 
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0 °’ 

meridian 
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135° 
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18( 
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D° 

dian 

1.3 
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6.4 

56.4 

6.4 

61.5 

6.4 

61.5 

6.4 

61.5 

6.4 

56.4 

3.8 

64.1 

11.5 

61.5 
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64.1 
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64.1 
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64.1 
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16.6 
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16.6 
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21.6 
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Figure 14-.- Body -pressure orifice locations. 
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Figure 5*- Wing -pressure orifice locations. 
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Figure 6.- Basic pressure measurements for the twisted and plane wings. 

Flags indicate plane -wing data. 
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Figure 6.- Continued* 
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Figure 7 .- Continued. 
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(c) M = 0.85. 
Figxire 7 *- Continued 
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Figure 7»- Continued 
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Figure 7 .- Continued. 
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Figiire 8.- Continued 
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Mach number ,M 

Figure 9 .- Comparison of the spanwise center-of -pressure characteristics 

for the twisted and plane wings. 
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Fig^ire 10.- Root-bendlng-coefficient characteristics at several normal- 
force coefficients for the twisted and plane wing-hody configurations 
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Figxire 12.- Wing twisting -moment-coefficient characteristics for the 

twisted and plane wings . 
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Figure 15*- Pitching -moment characteristics at several Mach numbers for 
the twisted and plane wing -body configuration. Flagged symbols 
indicate plane -wing configuration data. 
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Figure l6.- Pitching -moment characteristics at several normal -force 
coefficients for the twisted and plane wing -body configurations . 






MCA RM L54H18 


CONFIDENTIAL 



— Twisted wingl U _p. o 
— Plane wing N • 


Cm=0.6 


Cm=0.2 


Mach number. M 


Figure 17-- Longitudinal center-of -pressure characteristics for the 
twisted and plane wing -body configurations . 
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